Clinical use of genetic testing to predict adult onset conditions allows individuals to minimize or circumvent disease when preventive medical interventions are available. Recent policy recommendations and changes expand patient access to information about asymptomatic genetic conditions and create mechanisms for expanded insurance coverage for genetic tests. The American College of Medical Genetics and Genomics (ACMG) recommends that laboratories provide incidental findings of medically actionable genetic variants after whole genome sequencing. The Patient Protection and Affordable Care Act (ACA) established mechanisms to mandate coverage for genetic tests, such as BRCA. The ACA and ACMG, however, do not address insurance coverage for preventive interventions. These policies equate access to testing as access to prevention, without exploring the accessibility and affordability of interventions. In reality, insurance coverage for preventive interventions in asymptomatic adults is variable given the US health insurance system's focus on treatment. Health disparities will be exacerbated if only privileged segments of society can access preventive interventions, such as prophylactic surgeries, screenings, or medication. To ensure equitable access to interventions, federal or state legislatures should mandate insurance coverage for both predictive genetic testing and recommended followup interventions included in a list established by an expert panel or regulatory body.
INTRODUCTION
Genetic technology is lauded for its promise to prevent disease, yet predictive genetic testing in and of itself provides only information, not prevention. If there is a preventive power of genetic testing, it arises from the personal actions taken by the individual and the clinical actions taken in concert with a healthcare professional, given the information learned from the genome. In reality, any knowledge of one's genetic risks equates to the possibility of mitigating disease only when given adequate access to recommended medical interventions. For example, predictive genetic testing can indicate the need to increase cancer screening or undergo preventive surgery for those at high risk of certain conditions, such as hereditary non-polyposis colorectal cancer or hereditary breast and ovarian cancer (HBOC). Despite this, recent policy recommendations and changes, such as the American College of Medical Genetics and Genomics (ACMG) incidental findings recommendations and the Patient Protection and Affordable Care Act (ACA), conflate access to genetic testing with access to preventive services, without addressing issues of insurance coverage for the ensuing medical interventions. Unequal access to interventions threatens to increase health disparities and creates an unjust health system in society if only certain segments of our population may attempt to mitigate disease through preventive measures.
The example of genomic technologies challenges the entrenched dichotomy in the insurance realm of prevention versus treatment and introduces a new dimension to the recurring discourse. Health insurers primarily provide coverage for treatment more often than prevention, but the medical interventions for adult onset genetic conditions occupy a hazy space between these extremes. Continued advances in genomic technology will likely lead to more policy implementation, similar to the ACMG recommendations and the ACA, that provides individuals with the opportunity to learn about genetic risk for conditions for which they have no symptoms. Access to interventions for asymptomatic individuals following a predictive genetic test or genetic screening, even for those with insurance coverage and a regular source of care, may be much more limited than access to similar interventions after other preventive measures, such as cancer screening, or after diagnosis. This paper focuses on predictive genetic testing in asymptomatic individuals that can lead to medical options to prevent adult onset genetic conditions and the changing state of insurance coverage for subsequent recommended interventions. While this is a very specific emphasis, recent policy focus on prevention provides a window of opportunity to address disparity concerns in this arena. As knowledge of the predictive value of genetic variants and available preventive measures grows, issues of insurance coverage for the interventions will become increasingly important. Part I provides a brief overview of genetic testing in the clinical setting, including a description of key terms and concepts. Part II examines insurance coverage of genetic testing prior to the ACA. Health insurers primarily provide coverage for treatment more often than prevention, but the medical interventions for adult onset genetic conditions occupy a hazy space between these extremes. Given the historical treatment focus of insurance and the desire to decrease health care costs through preventive, the ACA specifically addressed insurance coverage of preventive services. Part III of the paper discusses the ACA's expansion of insurance coverage for genetic testing, specifically examining BRCA testing coverage changes. Newly created policy mechanisms established with regard to the US Preventive Services Task Force (USPSTF) may allow for broader coverage of other predictive genetic testing and interventions. Part IV examines how the movement from genetic medicine to genomic medicine complicates the insurance system. Although the ACMG recommendations were focused on how laboratories should address incidental findings, they may represent the first incidences of preventive genomic testing. However, this section explores how patients may be harmed by learning of genetic predispositions that they cannot prevent due to lack of insurance coverage. Part V delves more deeply into the ethical concerns of health disparities and distributive justice that may arise from the expansion of access to genetic test results, without the concurrent expansion of access to insurance coverage for preventive measures. Finally, Part VI proposes policy recommendations that can minimize concerns over equal and complete access to prevention and intervention.
Increased clinical use of and growing insurance coverage for predictive genetic testing threaten to exacerbate health disparities across society absent reimbursement for associated interventions. Clinical use of predictive genetic testing is still nascent, thus providing an opportunity to learn from these early attempts at policy implementation. Access to interventions is of vital consideration for any future policy efforts to implement screening on a broader population level. To ensure equitable access to interventions, federal or state legislatures should mandate insurance coverage for both predictive genetic testing and recommended follow-up interventions included in a list established by an expert panel or regulatory body.
I. GENETIC TESTING, PREVENTION, AND THE US HEALTHCARE SYSTEM A. Key terms and definitions
The landscape of genetic and genomic testing is complex and this paper is focused on a specific type of testing in a specific population, therefore this section will define these key categories used throughout the paper. This paper discusses both genetic and genomic technologies. Genetics is the study of individual genes and their effect on diseases, such as Huntington's disease or cystic fibrosis. Genomics, a broader concept, is the study of an individual's entire genome and the examination of how different genes and the environment interact together. The paper specifically focuses on predictive genetic testing, rather than diagnostic, carrier status, or other genetic testing. Also, the paper is more narrowly concerned with predictive testing only for medically actionable conditions, those for which there are recommended medical interventions that aim to prevent the condition. While there may be medical interventions in pediatric or pre-natal settings, the scope of the paper will focus on adult onset conditions. Any use of genetic testing in the paper refers to predictive testing for medically actionable adult onset disease, unless otherwise indicated.
The primary inquiry of the paper is insurance access to preventive interventions. Therefore, the population of interest is asymptomatic adults because individuals who have not developed any symptoms or detected biological changes are the population that would seek preventive interventions. Additionally, the term 'patient' is used to acknowledge interactions between clinicians and individuals. However, patient is not meant to indicate that the individual has symptoms or is in treatment. In this paper, asymptomatic individuals may also be patients to the extent that they have a relationship with a physician.
B. Prevention in the US healthcare system
The current model of insurance coverage in the US favors payment for treatment of diseases that have already developed over coverage for preventive services. Only a fraction of healthcare expenditures are spent on prevention, 1 thus financially incentivizing clinicians to also focus on sickness rather than prevention. 2 In this vein, the standard of care has incorporated genetics and genomics technologies when they generally relate to personalized treatment for diagnosed diseases, pharmocogenetics, or diagnostic inquiries, but their use for prevention has not yet widely become standard of care. 3 Despite the rapid expansion in our knowledge regarding the 20,000-25,000 genes in the human body, the functions of the vast majority of genes and their variants are not well understood. At one end of the spectrum of possible genetic testing lies the interesting-butharmless result, such as an ability to roll one's tongue; at the other end lies harmful conditions, such as Huntington's disease. Somewhere along the continuum falls susceptibility to disease, such as predisposition to colon cancer. The clinical utility of information about deleterious mutations associated with susceptibility varies due to the penetrance of the mutation-how likely a person with the mutation is to manifest symptoms -, the preventability of the condition that develops, and the validity of the test. Clinical validity describes how well a test identifies a clinical status and, in the context of genetic testing, is dependent in part on penetrance, whereas clinical utility depends upon which actionable medical steps the test provides for the patient.
Presently, asymptomatic individuals learn of their genetic risk through predictive genetic testing, such as testing for a specific gene or panel of genes through a health-care professional or direct-to-consumer testing, or as a secondary finding of a clinical genomic test ordered for a different condition. 4 The preventive measures that clinicians would recommend in response to identification of a deleterious mutation generally fall into four varied categories-surveillance, preventive surgery, drug treatment, and lifestyle changes. Multiple interventions may be available for the same condition and interventions may be recommended simultaneously or in progression. As knowledge of genomics increases, these options for intervention could potentially expand to other areas, such as gene modification or environmental manipulation to influence epigenetics.
Public health literature references prevention by type-primary, secondary, and tertiary. 5 Primary prevention occurs before a disease manifests through symptoms or biological changes. A common example is vaccination to protect against certain infectious childhood diseases. Whereas primary prevention reduces both incidence and prevalence of a condition because it blocks an individual from getting a disease, secondary prevention occurs after biological changes have arisen in an individual but reduces disease severity by preventing progression or mortality. Cancer screenings are a common secondary prevention. They do not stop cancer occurrence, but can lead to early discovery and higher rates of remission. Tertiary prevention refers to procedures that are part of the treatment or management of disease that slow disease development and minimize morbidity or mortality; however, because tertiary prevention occurs in symptomatic patients, it is not a focus of this paper.
The concept of secondary prevention illustrates the fine line between prevention and treatment and its implication for insurance coverage. Secondary prevention, such as a mammography for asymptomatic individuals, does not prevent cancer development, but aims to decrease the morbidity and mortality associated with a cancer diagnosis by discovering any symptoms as early as possible. As soon as a secondary prevention measure detects an abnormality, an individual begins a diagnostic odyssey to determine a definitive clinical diagnosis and subsequent treatment, regardless of whether the biological changes are at very early stages. 6 Because detection of an abnormality triggers an abrupt shift from prevention to treatment in our current healthcare culture, we have no intermediary status for patients between these extremes. Indeed, our healthcare system does not have common or adequate language to describe this liminal state. The abrupt shift to treatment leads to evidence and concerns of overdiagnosis and overtreatment of patients without symptoms or other medical concerns. 7 A positive genetic test or a family history of illness may cause an individual, whether symptomatic or not, and his/her physician to go looking for biological changes at an earlier stage than they would have without this knowledge. In result, diagnosis and treatment may occur when the disease is at a very early stage. 8 Detected biological changes that do not rise to the threshold of diagnosis have been called 'predisease'. 9 However, despite its ambiguous state, our dichotomized healthcare system often forces predisease to be categorized as a disease needing treatment-threatening more over-diagnoses. The introduction of genetic testing likely expands this predisease state since biological changes can be detected at increasingly earlier moments, thus further complicating the line between prevention and treatment. Categorizing interventions as prevention or treatment based on an indistinct and shifting threshold has implications for insurance coverage and reimbursement. Asymptomatic individuals seeking insurance coverage for preventive interventions, such as cancer screenings or prophylactic surgery, are forced to straddle a variety of laws that silo their genetic condition into prevention or treatment categories.
The diversity of possible interventions for any individual gene mutation foreshadows difficulties that insurance companies face in evaluating the clinical utility of each intervention. Personalized treatment plans and prevention options create a burden on the insurance system to develop effective and appropriate coverage policies for each intervention. Due in part to these difficulties, insurance policies for genetic testing and preventive interventions have not been systematically or comprehensively completed, leaving a fragmented system with varied levels of reimbursement for preventive testing and interventions. 10 
II. THE STATE OF INSURANCE COVERAGE PRE-ACA
In the face of incomplete insurance company reimbursement policies, wide use of genetic and genomic testing is unlikely. 11 Typically, only small subsets of the population are having genetic testing for certain diseases, making it difficult for companies to gather data and determine the utility of broad application. 12 Insurance coverage of genetic testing varies greatly depending on the type of insurance and the genetic test. Generally, coverage decisions are influenced by whether the test is diagnostic, preventive, or informational and whether the test has both clinically validity and utility. 13 The ACA made broad changes to insurance coverage for preventive care in both the private and public sector. This section of the paper will examine the state of insurance coverage for genetic tests and medical interventions prior to implementation of the ACA, and the next section will discuss how the ACA altered the lay of the land.
A. Medicare and genetic testing
Historically, Medicare has had only limited coverage for preventive services. Yet, because it is the largest healthcare reimbursement system in the US, many private insurers look to Medicare for guidance on reimbursement policies and cost. 14 Medicare only covers services that are 'reasonable and necessary for the diagnosis or treatment of illness or injury', 15 but the law does not specify what rises to the level of 'reasonable and necessary'. 16 Genetic testing done in an asymptomatic individual for preventive purposes flies directly in the face of Medicare's rules because the system explicitly excludes coverage for tests for screening purposes 'that are performed in the absence of signs, symptoms, complaints, or personal history of disease or injury', unless there is specific statutory authorization. 17 These statutory exceptions to the treatment rule have developed over time as Congress has codified coverage for several preventive services, such as mammograms, colonoscopies, prostate cancer screenings, and diabetes screenings. 18 This system of ad hoc coverage creates an onerous process to add exceptions, 19 especially given the current political landscape in Congress surrounding changes to healthcare. One recent advocate for change was the Secretary's Advisory Committee on Genetics, Health, and Society (SACGHS). It argued for statutory authorization that would allow Centers for Medicare and Medicaid Services (CMS) to cover genetic testing and services that meet evidence standards, viewing the testing as potentially beneficial for the Medicare population. 20 Perhaps acknowledging the difficulty in securing Congressional changes to the Medicare law, the SACGHS also offered a regulatory recommendation where the Health and Human Services (HHS) Secretary interpret 'personal history' of a disease to include 'family history' of a disease. 21 This interpretation would open the door for reimbursement of genetic tests, albeit by equating family history of disease with disease for the individual. In practice, this suggestion would only make the indistinct line between prevention and disease blurrier.
Reimbursement for interventions and services related to genetic testing, such as genetic counseling, is also foreclosed upon in the Medicare system. Medicare generally limits coverage for genetic counseling both through the screening exception and by its characterization of genetic counselors, not recognizing them as healthcare professionals who can be paid directly. 22 Additionally, prophylactic surgery and other preventive interventions are not covered by Medicare, because they fail to meet the requirement for services 'reasonable and necessary' for treatment.
B. Medicaid and genetic testing
Medicaid, a health insurance program for low-income Americans, is funded by both federal and state governments and is managed by the states. This state level management leads to variation in coverage levels across the nation. Most states cover genetic testing of some kind, although the number and type of test vary. 23 Several states take into consideration whether the genetic test is used for the purpose of diagnosis, although, unlike Medicare, there is no universal ban against coverage for tests on asymptomatic individuals. Medicaid coverage for genetic tests can vary, not just geographically, but also temporally, depending on fluctuations in state Medicaid funding. 24 Genetic testing that identifies mutations in BRCA 1 and BRCA 2, genes associated with an increased risk of breast and ovarian cancer, are two of the more widely covered genetic tests for adults in Medicaid. Thirty-two states offer reimbursement for testing, although the specific criteria for coverage can vary, and may not provide coverage for asymptomatic individuals. 25
C. Private insurance and genetic testing
Private health insurance companies in the US vary in the number and kind of genetic tests that they cover. Information on coverage for genetic testing is elusive because not all companies provide publicly available coverage determinations and distinct health insurance policies offered by a company may have different criteria than any broad policy guidelines indicate. 26 (1) Genetic testing-Private insurance companies cover some genetic testing for adult onset conditions, both for prevention and diagnosis, but broad reimbursement for these tests has not occurred. Although it is difficult to gather extensive information regarding private insurance coverage, the general coverage criteria in publicly available plan policies include whether the tests would directly influence disease treatment management, were for diagnostic purposes, or were a preventive measure for high-risk patients. 27 Plans explicitly excluded genetic testing for informational purposes, for population screening without a family history of the condition, and for minors tested for adult onset conditions. 28 Overall uptake of insurance coverage for genetic testing has been relatively slow for three main reasons. First, the private insurance market generally looks toward Medicare for guidance on coverage and reimbursement levels, but Medicare does not pay for genetic testing and services given its strict rules against payment for prevention and recommended follow-up. 29 Second, lack of clear evidence showing measurable medical benefits of testing, or clinical utility, creates a major bottleneck for insurance reimbursement. 30 If systematic reviews of a medical condition create guidelines cautioning against genetic testing, motivation for additional research and funding diminishes sharply, leaving no opportunity to develop competing or complementary evidence regarding the condition, even for a specific subset of the population. Additionally, lack of insurance coverage for a test minimizes public uptake thus reducing available evidence.
Third, standards of cost-effectiveness are often not met because genetic tests screen for diseases that are rare and thus have low prevalence in society. 31 Insurance companies may be particularly loath to pay for genetic testing versus diagnostic genetic testing because they are less likely to see any potential cost savings that would occur due to enrollee attrition rates in insurance plans over time. 32 Despite the slow uptake of coverage for genetic testing, private insurance companies have broader and more varied reimbursement for genetic testing and services than public insurance programs. Variation occurs not just in the types of genetic tests covered, but between the specific criteria that determine coverage. 33 These coverage determinations, often made ad hoc, sometimes inaccurately reflect scientific information regarding the genetic conditions. 34 In result, available clinically relevant genetic tests are excluded 'because "no evidence of effectiveness" does not necessarily imply "evidence of no effectiveness"'. 35 Thus, there is a gap between sufficient evidence for clinical use and evidence for insurance coverage.
(2) Recommended interventions-The variable insurance coverage for genetic tests creates a cascade of ad hoc coverage decisions for recommended interventions after individuals have been tested-creating an equally variable system of coverage for interventions. The remainder of this paper will not concentrate on the issue of barriers to genetic testing coverage, but will focus on what the reimbursement policies are, and should be, after those genetic tests are covered.
Most policy guidelines within the industry strongly encourage genetic testing to occur concurrently with genetic counseling. 36 Numerous studies indicate that participating in genetic counseling prior to and after genetic testing lowers the risk of many psychological side effects of testing, including anxiety and depression. 37 Further, genetic counseling prior to genetic testing leads to better risk perception among patients, a decrease in individual uptake of genetic testing, and a lower occurrence of unnecessary genetic testing. 38 Despite the documented benefits of genetic counseling, reimbursement for genetic counseling is spotty. Insurance companies do not universally pay for counseling for a variety of reasons, including that genetic counselors are not licensed in every state, they are not recognized as preferred providers by all insurance companies, and counseling in general is not a covered benefit. 39 Interventions after a positive genetic test can be costly, especially if the recommended course of action is a prophylactic surgery; therefore, health insurance companies have monetary incentives to deny reimbursement of preventive interventions. 40 By definition, genetic services thwart negative medical outcomes from occurring in the future. However, as with reimbursement for genetic testing, insurance companies do not have an incentive to pay for costly prevention such as prophylactic surgery when the average individual stays with his or her health insurance company for less than six years. 41 For example, if a 25-yearold woman elects to have a prophylactic mastectomy, her health insurance company may not reap any cost savings by paying for the expensive surgery because she would likely switch companies during the 10 to 40 years when she would have been likely to develop breast cancer.
Choosing the appropriate intervention is inherently an individualized decision based upon the associated risk, family planning concerns, and other socioeconomic considerations. Coverage decisions for preventive medical interventions can be dependent upon what is 'medically necessary' for the individual. 42 For this reason, until coverage for an intervention has garnered enough evidence to show clinical utility for a broad swath of the population, individuals may need to resort to insurance appeals or litigation in order to secure coverage.
(3) Prevention/treatment dichotomy and insurance appeals-As discussed above, the line between prevention and treatment has been consistently pushed earlier and earlier in the manifestation of a disease. 43 The current system of insurance coverage, ignoring susceptibility and asymptomatic states of illness, incentivizes this movement. Take, for example, the development of hemochromatosis-a hereditary condition that causes excess iron to accumulate in the body. 44 An individual with a family history of hemochromatosis can have genetic testing to determine if he/she has inherited the mutations that significantly increase his/her risk for the disease. Physicians can detect an elevated iron level through two biochemical tests-serum transferrin saturation and serum ferritin. These tests are performed in order to determine if an individual has begun to build up iron levels, which will eventually lead to organ damage, since not all individuals with hereditary hemochromatosis will develop symptoms. If iron levels are sufficiently elevated, it is recommended that the individual go through routine phlebotomy-basically removing the excess iron along with the blood. If more severe damage, such as liver disease or cirrhosis, has already occurred, a physician can set up a treatment plan to minimize the progress and damage of the disease by more frequent phlebotomies as well as other tests that monitor the extent and progression of organ damage. Thus, in the progression of hemochromatosis, there are at least four possible interventions that can occur in various combinations-genetic testing, iron tests, phlebotomy, and management of liver disease. Where along this continuum do the interventions cross the line from prevention to treatment? Most would agree that management of liver disease is clearly treatment, but are serum measurements of iron levels or removal of excess iron via phlebotomy, best categorized as treatment or as secondary prevention? To secure reimbursement, clinicians and patients may be forced to argue that they are doing treatment and appeal any denial of coverage.
Patients with private insurance have more options to appeal than patients with public plans, where Medicare's statutory ban on preventive services makes appeal impossible and Medicaid's bureaucratic requirements complicate appeals. 45 Private insurance companies can make coverage determinations for individual patients because insurance policies generally have a broad policy to cover 'medically necessary' services for their policyholders. If an intervention is denied, it is likely either because the insurer has broad coverage language exempting preventive services from coverage or because the insurance company argues that it is not medically necessary. Insurance appeals in the genetic testing arena often boil down to whether there is enough evidence that interventions associated with a positive result are medically necessary. 46 Although appeals have been employed successfully by a number of individuals to ensure coverage for interventions, the system forces genetic services into several conflicting legal classifications simultaneously depending upon the context. The underlying subcontext to the medically necessary category is that it is necessary to address or treat a specific disease. This is much like Medicare's 'reasonable and necessary' clause. Arguing that a preventive service is medically necessary inherently implies that there is a genetic condition that constitutes a medically actionable disease. 47 However, the Genetic Information Nondiscrimination Act (GINA), which was passed in 2008 to ban genetic discrimination in health insurance and employment, clarifies that genetic information, in the absence of symptoms, cannot be considered a pre-existing medical condition. 48 GINA did not address interventions for genetic conditions, either in the context of pre-existing conditions or treatment for disease. Patients and healthcare providers continue to argue that preventive interventions are necessary for a medically actionable disease post-GINA, but this requires legal acrobatics where genetic conditions are explicitly not disease in one context and explicitly disease in another.
(4) Insurance coverage variability: BRCA as a case example-HBOC caused by mutations in the genes BRCA 1 and BRCA 2 is one of the most widely known and studied genetic conditions, yet insurance companies offer varying levels of insurance coverage for genetic test and the recommended interventions. The ACA altered the landscape for private insurance coverage of BRCA testing, but these changes will be discussed in depth later in the paper. 49 This section lays out insurance coverage for BRCA testing and interventions prior to the ACA. BRCA 1 and BRCA 2 were identified in 1994 and 1995, respectively. 50 Over ten years later, the USPSTF examined testing for these two genes and found sufficient evidence that it had clinical utility for women with a family history of breast and ovarian cancer. 51 The USPSTF is a panel of independent scientists that examines medical evidence and makes recommendations for the clinical use of preventive methods. 52 These recommendations came in 2005, after BRCA testing was already an established practice in the clinical setting. 53 The interventions available to individuals with a positive BRCA test range from screenings, such as mammography at an earlier age than the general population, to prophylactic surgery, such as a preventative mastectomy or oophorectomy. 54 Myriad Genetics held patents for the testing for BRCA 1 and BRCA 2 tests until 2012 when the Supreme Court invalidated these rights. 55 Therefore, prior to the ACA, individuals in the US could only get clinical testing through Myriad.
Prior to the ACA, insurance coverage for BRCA testing was by no means guaranteed across all insurance companies. Criteria for coverage levels were based upon personal history of cancer, family history, age, and ethnicity. 56 Similar to Medicare, some private insurance companies only covered tests if an individual was already diagnosed with cancer. Due to variable coverage, Myriad Genetics required patients to provide confirmation of insurance coverage prior to testing in order to mitigate lost profits from unreimbursed tests. 57 Those who were underinsured and could not afford to pay out of pocket were often unable to get access to the test. Indeed, cost, which ranges from several hundred dollars to test for a specific gene variant to several thousand dollars for the entire gene, remains one of the most cited reasons that an individual chooses not to get BRCA testing. 58 Myriad offered uninsured individuals financial assistance, but not those with insurance. The company has since closed this gap for the underinsured by expanding their patient assistance program to include individuals with insurance whose policies do not completely cover the costs of the test. 59 Insurance coverage for genetic services following BRCA testing, such as genetic counseling, screening, and prophylactic surgery, is even less of an assurance than insurance coverage for the genetic test itself. Access to medical interventions is not only a question of access to insurance. Even among individuals with insurance, such as in Massachusetts, which has mandated health coverage, reimbursement for preventive care is not guaranteed. 60 Access to screenings as a preventive measure following BRCA testing is often possible for women at older ages, but can be difficult for those at younger ages. For example, at the population level, women are recommended to get mammograms between ages 40 and 50. However, physicians recommend that women at high risk of breast cancer begin regular mammograms at the age of 10 years younger than their youngest relative was diagnosed with cancer. 61 Since BRCA-related cancers commonly occur at young ages, this can lead to recommended screenings as early as a woman's twenties.
Many states have legislation that mandates insurance coverage for mammograms; however, these laws generally only require coverage for women over 40 or 50 based on evidence of clinical utility for the general population. 62 Some states, such as Illinois, have an exception to the age requirement when there is a family history of cancer or other indication of high risk. 63 These state laws do not apply to all private insurance policies because self-funded employer sponsored plans-those which pay all health-care costs of employees rather than premiums to an insurance company-are exempted from state law. 64 For those states that do not have exceptions to their age limits, insurance companies can opt not to cover mammograms for women of younger ages even if it is a medically recommended course of action. In these situations, a woman will likely have to appeal and argue that the screening should be covered as a medically necessary procedure.
Prophylactic surgery, both mastectomy and oophorectomy, is covered by several insurance companies, but was, and still is, not a widespread practice. A 2000 study showed that explicit coverage for a prophylactic surgery among private health plans ranged from 24 to 43% depending on the type of surgery and the clinical circumstance. 65 Fourteen per cent of plans had an explicit policy of non-coverage for prophylactic mastectomy based on a strong family history and 10% non-coverage based on the identification of a BRCA mutation. 66 These numbers were similar for a prophylactic oophorectomy-15 and 10%, respectively. 67 The remaining plans made coverage determinations on a case-by-case basis. These ad hoc determinations could vary from patient to patient and could require an appeal to ensure coverage. 68 It is likely that more insurance companies would currently cover preventive surgery given the increased knowledge of the clinical utility of the surgery. The study, however, remains an important reminder of the variability of insurance coverage and the lengthy odyssey until insurance companies adopt broad coverage policies for preventive medical interventions already clinically in use.
The blurred boundaries between treatment and prevention in the case of BRCA put some women in a difficult 'Catch-22'. A number of insurance companies have denied women health insurance or charged higher premiums in part because they had undergone a prophylactic mastectomy. These insurance companies viewed the surgery itself, not BRCA status, as a pre-existing condition. Although there is a strong argument that this would be proxy genetic discrimination under GINA, these denials were never tested in court and are now a moot point since insurance companies can no longer take any pre-existing conditions into account due to the ACA.
Testing for BRCA is arguably among the most widely utilized and widely known genetic tests available. However, even this oft-studied genetic test continued to have gaps in insurance coverage prior to the ACA-and perhaps surprisingly, also after. 69 The variability of private insurance coverage for BRCA testing and its related interventions highlights the difficulties of translating genetic findings of clinical utility, not just to clinical care, but also to standard reimbursement policies. Insurance companies often do not agree on the clinical utility of a test, and there is a general unwillingness to accept the upfront costs of prevention without guaranteed cost savings in the future.
III. THE STATE OF INSURANCE COVERAGE POST-ACA
The ACA made numerous, substantial changes related to prevention services in the healthcare system in the US. Two broad changes in particular alter the realm of insurance reimbursement for genetic testing and interventions. First, private insurance companies must cover, free of cost to the patient, any prevention method that the USP-STF has reviewed and recommended. Second, all health insurance plans offered in the state private markets must cover ten essential health benefits, including preventive and wellness services. Although these changes present an opportunity for expanded coverage of genetic tests, their framework threatens to create disparate access to services if the law is not implemented with comprehensive access in mind.
A. USPSTF and the ACA
The ACA greatly expands access to preventive services by mandating private insurance companies to reimburse completely for select evidence-based services. Specifically, immunizations recommended by the Advisory Committee on Immunization Practices of the Centers for Disease Control and Prevention, preventive care and screenings discussed in guidelines of the Health Resources and Services Administration, and services rated as an A or a B by the USPSTF must be covered. 70 Beginning on September 23, 2010, insurance companies were required to cover these preventive services with no cost sharing, so the patient does not have to pay coinsurance, copay, or any amount of a deductible. 71 The USPSTF makes recommendations regarding preventive measures related to genetic testing results and other screening measures. It was established in 1984 and has been associated with the Agency for Healthcare Research and Quality since 1995. The mission of the USPSTF, an independent panel of medical experts, is:
assessing the benefits and harms of preventive services in people asymptomatic for the target condition, based on age, gender, and risk factors for disease and making recommendations about which preventive services should be incorporated routinely into primary care practice. 72 When the task force reviews a service, they assign a grade-A, B, C, D, or I-depending on the recommendation. 73 Grades A and B are recommendations for the service because there is high certainty that the net benefit is substantial or moderate or because there is moderate certainty that the net benefit is substantial. If the USPSTF recommends against the service or if there is insufficient evidence to make a determination, the service is given a D or I rating, respectively. Grade C is currently given if 'the USPSTF recommends selectively offering or providing this service to individual patients based on professional judgment and patient preferences'-although the exact description for this rating level has changed over the past decade. 74 The ACA's expansion of coverage for preventive services is a first step toward refocusing the US healthcare system toward prevention and has been hailed by many advocacy groups as a beneficial and important part of healthcare reform. However, in addition to the substantial benefits of the changes, there are at least two crucial, systemic gaps.
First, the ACA requirements regarding coverage of preventive care do not apply consistently across all health insurers. In the private market, mandated coverage of preventive services does not apply to grandfathered health insurance policies. 75 Grandfathered health plans are those that were established prior to March 23, 2010-the day that Congress passed the ACA -that have not made significant changes to benefits or consumer costs. 76 For group plans, the relevant date is when the plan was established, not when the individual first enrolled in a plan. For example, an employer sponsored plan that was established in 2005 may be grandfathered, even if the individual started working for the company in 2013. Most individuals in the private insurance market receive health insurance through an employer and a large percent of employer-sponsored plans are grandfathered. 77 Therefore, a significant portion of privately insured individuals does not have access to the free preventive services established by the ACA. However, this number is expected to decrease as plans lose their grandfathered status after making policy changes. Indeed, the current percentage of grandfathered plans is 26%, down from 56% in 2011. 78 A grandfathered status does not necessarily mean that the preventive services will not be covered by the health plans, but coverage is not guaranteed and the patient will be responsible for deductibles, copays, or coinsurances.
In addition to inconsistent application in private plans, the rules regarding preventive services also do not apply to public services such as Medicaid and Medicare. The ACA expanded the list of preventive services covered under Medicare and made several preventive services free of cost to the patients. 79 Similarly to the private market, preventive services rated by the USPSTF as an A or a B are generally covered by Medicare. However, the ACA gives the CMS discretion as to which USPSTF recommendations are included in coverage. 80 Thus, the final list of preventive services covered by Medicare is smaller than the private insurance list. Most notably absent is coverage for BRCA counseling and testing. 81 Second, the framework and procedures of the USPSTF create gaps in how the preventive services recommendations are applied. Overall, the USPSTF is unabashedly clear in its limited scope and purpose-'the Task Force's scope is specific: its recommendations address primary or secondary preventive services targeting conditions that represent a substantial burden in the Unites States and that are provided in primary care settings or available through primary care practice'. 82 The USPSTF does not examine preventive measures that are part of treatment or management of an already manifested condition. 83 This focus-an emphasis on preventive services for asymptomatic individuals-creates complications when applied to clinical care and insurance coverage because it excludes individuals with past or current symptoms of disease. For example, if a woman in remission for breast cancer goes to her physician for an annual mammogram, the doctor is likely to code it as diagnostic in order to ensure that a recurrence of cancer may be found. This diagnostic exam is not covered as a preventive service under the ACA, even though society may conceptually think of it as a mammogram to prevent a recurrence of cancer.
There have also been complications applying USPSTF recommendations in the insurance setting even when the individual's situation appears to fall squarely within the recommended circumstance. For example, the USPSTF gives preventive colon cancer screenings for individuals between the ages 50 and 75 an A rating. 84 After implementation of the ACA, insurers began to cover colonoscopies free of cost to patients. However, it is standard of care in a preventive colonoscopy to remove polyps discovered during the screening and test to determine if they are cancerous. In these cases, several insurance companies argued that the polyp removal was therapeutic and therefore cost sharing was imposed. 85 This circular reasoning undermined the entire purpose of mandating payment for preventive colonoscopies. Removal of polyps before they become cancerous is the way to prevent colon cancer through secondary prevention. Preventive colonoscopies simply provide the opportunity for this. However, it was in these precise instances that the insurance companies were charging the patients. In February 2013, the federal government clarified that an insurance company cannot impose cost sharing in the event that a polyp is removed during a preventive colonoscopy. 86 Even after this clarification, patient's confusion remains regarding the frequency of colonoscopies and distrust that insurance companies will follow the guidance. 87 
B. Ten essential health benefits under the ACA
Under the 'individual mandate', the ACA requires most individuals in the US to purchase health insurance beginning in 2014. 88 To facilitate this, healthcare reform created online aggregate insurance marketplaces in each state, called exchanges, in order to help individuals choose insurance policies. Every plan sold through an exchange must offer essential health benefits in order to be considered comprehensive coverage. 89 The ACA delineated ten broad categories of essential health benefits and tasked the HHS Secretary to define these benefits in greater detail during the regulatory period. The ten categories are ambulatory patient services, emergency services, hospitalization, maternity and newborn care, mental health and substance use disorder services, prescription drugs, rehabilitative and habilitative services, laboratory services, pediatric services, and, most importantly for the realm of genetic testing, preventive and wellness services. 90 It was expected that HHS would establish a national standard for these essential health benefits, but the agency opted to punt the question to the states. Under HHS guidance, states can choose a benchmark plan that serves as a reference plan for the other insurance policies in the state. 91 This decision was widely criticized by health advocates because it creates bifurcated levels of coverage across the nation and codifies current inadequate insurance standards as acceptable coverage. 92 On the other hand, because the guidance minimized the changes that insurance plans would have had to adhere to under a broad national standard, health insurance companies applauded the state-by-state implementation. 93 The establishment of the state-by-state benchmark plan also limits the ability to centralize standards for new preventive services. Given the healthcare industry's treatment focus, any chosen benchmark plan is unlikely to noticeably expand coverage for wellness and preventive services. Although the ACA broadened prevention coverage without cost-sharing through the USPSTF, the range of preventive services that should be covered by the insurance companies with cost-sharing is now dependent upon existing state mandates and the state's benchmark plan. Thus, the state of insurance coverage for genetic services, especially interventions, is unlikely to greatly alter from the situation prior to the ACA.
C. BRCA as a case example post-ACA
The USPSTF reviewed genetic testing for HBOC in both 2005 and 2013. When the panel first reviewed HBOC, it recommended 'women whose family history is associated with an increased risk for deleterious mutations in BRCA1 or BRCA2 genes be referred for genetic counseling and evaluation for BRCA testing'. 94 Subsequently, the 2013 recommendation statement made several key changes to the earlier version. These changes came after the implementation of the ACA and were likely responses to public concerns and insurance coverage ambiguities created by merging the USPSTF recommendations with insurance coverage mandates. 95 The narrow group of individuals to which the USPSTF guideline applies has been altered or clarified in several instances between the 2005 and 2013 recommendations. There are four specific ways that the prior USPSTF recommendations excluded individuals from consideration and most were readdressed in the 2013 guideline versions.
First, the recommendation statement is gender specific in both the 2005 and 2013 versions, and men are explicitly excluded from the evidence synthesis. Thus, insurance companies are not mandated to cover BRCA testing in men, and if they do, can require copays and coinsurance. Omission from guideline inclusion is dangerous if it is interpreted to mean that the procedure is not recommended for this population-for example that BRCA testing is never clinically valid in men. In reality, there may be sufficient evidence that testing is clinically relevant for men on an individual basis. The system created by the ACA may make it difficult for this population to navigate insurance coverage and appeals.
Second, the BRCA testing guidelines do not apply to women who have a diagnosis of breast or ovarian cancer. Examining evidence of interventions for diagnostic purposes is outside of the USPSTF scope. 96 While this has always been clear from the mission and delineated procedures of the panel, the 2013 recommendation statement made this unambiguously clear within the recommendation itself. The 2013 recommendations further suggested that women in remission who had not received BRCA testing as part of their care, but who have a family history, speak to their doctor about the possibility of testing. 97 However, this statement has no force and is only encouragement since the official scope of the review only includes asymptomatic individuals with no personal history of cancer.
Third, the panel completely reversed its position on whether the recommendations apply to women with a relative who has a known deleterious BRCA mutation. In 2005, these women were explicitly excluded from the recommendations. 98 The 2013 version, however, noted 'women who have 1 or more family members with a known potentially harmful mutation in the BRCA1 or BRCA2 genes should be offered genetic counseling and testing'. 99 Fourth, the panel bifurcated the female population and gave a D grade for genetic testing for women whose family history is not associated with an increased risk for breast and ovarian cancer. Due to this recommendation, women with no family history of breast or ovarian cancer are unlikely to obtain insurance coverage for BRCA testing. Between 2005 and 2013 the USPSTF altered the threshold of family history needed to identify a woman as high risk. The guidelines in 2005 included very specific delineations for which familial patterns were associated with cancer risk. The recommendation statement specifically listed several combinations of number of diagnoses, age of onset, ethnicity, and cancer type as evidence of high risk. 100 However, by 2013, the USPSTF shied away from specifics and instead refer to several risk assessment tools that clinicians can use with their patients. 101 Although a generally extensive family history of breast cancer is still required to reach the recommendation thresholds, the change by the USPSTF shows an inclination to leave more room for interpretation in the hands of the clinicians. This will hopefully limit disputes between insurance companies and doctors over whether the family history is sufficient to warrant insurance reimbursement.
The gray area of what insurance companies was required to cover for high-risk women was immediately apparent when the preventive service provisions of the ACA went into effect. The ensuing debate highlighted the inherent tension between the insurance groups trying to minimize expenditures and cover a minimal amount of services free of cost, versus advocacy groups trying to push for broad interpretation. The 2005 USPSTF guidelines did not explicitly state that genetic testing was recommended for high-risk women; therefore, insurance companies questioned whether they needed to pay for only the referral for genetic counseling, for the counseling itself, or for BRCA testing. 102 As in the case of colonoscopies, the federal government clarified that the USPSTF recommendation encompassed both genetic counseling and BRCA testing. 103 When the USPSTF reexamined BRCA in 2013, the recommendation grade remained at the B level, but the recommendation statement was expanded to provide more explicit guidance.
"The USPSTF recommends that primary care providers screen women who have family members with breast, ovarian, tubal, or peritoneal cancer with one of several screening tools designed to identify a family history that may be associated with an increased risk for potentially harmful mutations in breast cancer susceptibility genes (BRCA1 or BRCA2). Women with positive screening results should receive genetic counseling and, if indicated after counseling, BRCA testing." 104 The examples of insurance coverage for colonoscopies and BRCA testing post ACA mandates illustrate both the creative interpretations insurance companies make to limit expenditures and shift cost sharing back to the patient and the poor fit of USPSTF recommendations as insurance coverage guidelines-'because these recommendations, developed by panels of clinicians for use by other clinicians, were never intended to be used for coverage purposes, they lack the precision of standards developed expressly for the purpose of providing coverage of healthcare services'. 105 Changes to the BRCA testing recommendations likely predict that future USPSTF procedures will be altered to more clearly provide guidance for insurance coverage to avoid these interpretive quandaries in the future. 106 The BRCA example also shows that the difficulty in identifying which services in the individual's prevention plan should be included. For instance, because of the way that the recommendation was originally written, genetic counseling is included. It could have been written so that the test was clearly included, but not counseling. The interventions and follow-up that are recommended after BRCA testing are not discussed in the USPSTF report in enough detail to be included as mandated insurance benefits. 107 
IV. ACMG POLICY CHANGES TO GENETIC INFORMATION FOR PREVENTION A. Genomic sequencing technology
Expansion of medical technology outpaces any social policy intended to inform its use. Thus, the coverage for BRCA testing as a preventive measure under the ACA operates within the complexity of both the health care system and the interpretation of USP-STF recommendations. A close look at genomic testing in the clinical setting makes clear the challenges for insurance reimbursement. Massive parallel sequencing technology, such as whole genome or whole exome sequencing, is utilized to identify sequence variants in an estimated 20,000-25,000 human genes, containing approximately three billion individual units called base pairs. 108 Whole genome sequencing is the process of reading and sequencing all of the base pairs in an individual's genome. 109 Whole exome sequencing is a targeted capture and sequencing of the parts of the genes that code for proteinsapproximately 1% of the whole genome. 110 Mutations in the portion of genes that code for proteins are more likely to result in diseases and conditions of clinical significance than mutations elsewhere in the genome. Therefore, whole exome sequencing can be a cheaper way to capture information about disease, although there is a possibility of missing clinically important mutations due in part to the capture methods used in the process. 111 Advances in medical technology and drastically reduced cost will soon make it cheaper to perform genomic sequencing than a series of single genetic tests. Scientists recently surpassed the threshold of sequencing an entire genome for $1000 in one day. 112 This herald's momentous progress since the Human Genome Project successfully sequenced the first human genome in 2003 for 2.7 billion dollars after thirteen years of commitment. 113 With this sign of progress comes the acknowledgement that interpretation of any sequence variants is still in its infancy. Further knowledge, of which genetic variants influence disease, is required before the potential of these technologies can be realized.
In the clinical setting, genomic sequencing is currently used most often for diagnosis, but will likely have implications for prevention as well, given the vast of amount of information potentially produced by sequencing methodologies. Within that data reside evidence relevant for diagnosis, as well as for unanticipated conditions, including about a patient's risk factors for other diseases. 114 As costs continue to plummet and scientific understanding of interpretation grows, clinicians may increasingly turn to genomic sequencing as a preventive measure.
B. ACMG and genomic sequencing
In a highly debated policy statement, the ACMG recommended that when undertaking whole genome and exome sequencing for clinical diagnostic purposes, laboratories should deliberately seek and return results to the ordering clinician for mutations in additional outlined genes that could provide a medical benefit to the patient when learned before the onset of symptoms. The ACMG list currently contains fifty-six gene mutations, which are associated with twenty-four conditions that meet the panel's criteria for clinical validity and utility, although the list will be amended as knowledge of genomics continues to advance. 115 Under these recommendations, laboratories are responsible for actively seeking these medically actionable results. Classified as a type of incidental finding, these are 'incidental' only because they are 'alterations in genes that are not apparently relevant to a diagnostic indication for which the sequencing test was ordered'. 116 The ACMG felt that this subset of gene mutations was important to seek out because of their medical actionability. The ACMG recommendations originally directed the return of such findings, regardless of the preference of the patient to learn about the presence of these mutations and regardless of the age, medical condition, psychological state, or other considerations of the patient 117 ; however, recent policy changes recommend offering patients an opportunity to opt out of having these medically actionable gene variants analysed. 118 The genetic mutations included on the ACMG list were specifically chosen because of available preventive measures and association with long periods before symptoms develop. For example, BRCA 1 and BRCA 2 are among the genes included in part because individuals with deleterious mutations can take preventive measures such as screenings and preventive surgery. Another condition on the list, familial hypercholesterolemia, caused by a genetic mutation associated with high cholesterol levels and risk of coronary heart disease, is included because individuals can be placed on a medication regimen of statins to significantly lower the risks.
Regardless of the debate and ethics of divulging even medically actionable incidental findings, these disclosures are most likely to occur when an individual is asymptomatic for the incidental conditions, even though he or she is symptomatic, and underwent genomic testing, for another clinical purpose. These recommendations were not intended by the ACMG to become the official standard of care among laboratories and, by proxy, the ordering clinician; 119 however, commentators have noted that courts may use the recommendations as a tool to determine the standard of care in medical malpractice cases. 120 As laboratories begin to follow the ACMG guidelines, the disclosure of deleterious mutations in these fifty-six genes will become some of the first examples of genomic testing for prevention.
Insurance coverage for both the sequencing and any preventive interventions may be complicated. In its initial discussion of incidental findings, the ACMG noted, 'we do not know the implications that this may have on reimbursement for clinical sequencing'. Recommending the clinical reporting of incidental findings without consideration of insurance reimbursement for either the test or the interventions places the ACMG in a morally uncertain position because patients may be exposed to greater harms and society may be exposed to increased health disparities. 121 The ACMG concluded that population prevalence and possible interventions warranted prioritizing the duty to prevent harm over patient autonomy. 122 For a portion of patients, the reality of insurance coverage and costs will preclude them from accessing the suggested interventions, a situation that may lead to greater patient harm due to increased anxiety or other psychological concerns. Evidence based inquiries into the efficacy of genetic testing hinges on a delicate balance of harms and benefits. Making the assumption that all patients will have access to the interventions is likely to skew the data toward patient benefit without weighing the harms of learning about a genetic mutation for which one cannot access the preventive measures.
V. ETHICAL CONSIDERATIONS
The ACA, ACMG recommendations, and insurance reimbursement policies for genetic testing and follow-up care overall threaten to increase health disparities across the healthcare system. As genomic sequencing increasingly is used in clinical practice more patients will have information about preventable genetic risk. Financial considerations may allow only certain individuals to take effective action based on this knowledge.
Unfortunately, health disparities are rampant and entrenched in the US healthcare system and access to genetic testing is no exception. 123 For example, despite the recommendations of the USPSTF, BRCA testing was underutilized prior to the ACA, especially for racial minorities. 124 Genomic testing threatens to further stratify the population in very significant ways. 125 Disparate access to preventive interventions foreshadows a worrisome reality where certain segments of the population, who are able to pay for services, are able to prevent the burden of certain diseases completely, leaving only those of lower socioeconomic statuses to suffer.
Racial minorities, individuals with lower socio-economic status, and the uninsured are currently more likely to be diagnosed with later stage cancer and more likely to die from a cancer diagnosis. 126 These disparities will become even starker if only a privileged few are able to access preventive medical interventions after a positive genetic test. Insurance reimbursement for these preventive services will by no means completely eradicate disparate access. Lack of access to general physicians for referrals, out-of-pocket costs-even relatively small ones-, and low health literacy are only a few of the more general barriers that exist in the current system. 127 Some have argued that the rise of genetic technology mandates universal health coverage because of the threat to health disparities. 128 Short of drastic changes to the healthcare system, insurance coverage for preventive medical interventions is an option that helps to limit exacerbated health disparities associated with genomic testing.
The concerns of health disparities and insurance coverage for medical interventions raise broad questions of distributive justice. Policies that expand access to predictive genetic testing, but do not similarly address access to the medically recommended follow-up preventive interventions create an unjust distribution of health care services. I argue that there is a moral duty for policy makers, insurance companies, and advisory committees to consider access to, and reimbursement for, preventive interventions when making recommendations regarding coverage or access to predictive genetic tests.
Two of the principal theories of distributive justice in health care support this moral duty. First, Norman Daniels, under his Rawlsian theory of distributive justice, argues that a just health care system must provide individuals with a fair equality of opportunity. 129 Daniels maintains that individuals must have access to health care services that are 'needed to maintain, restore, or compensate' for the loss of normal species functioning 130 and emphasizes that this includes access both to treatment and prevention of disease, including genetic-related prevention. 131 Thus, failure to reimburse measures one can take to prevent a disease is unjust under this distributive justice theory.
Second, a luck egalitarianism model of distributive justice also supports social policies that guarantee reimbursement for preventive interventions. Under luck egalitarianism, it is unjust for an individual to have comparably worse health outcomes than others due to brute luckie due to situations out of one's control. 132 This holds true, whether the inequality in health arises from social factors or from natural factors, such as genetic risk. 133 Thus, luck egalitarianism would support access to predictive genetic testing for medically actionable conditions because it provides information about whether an individual is unlucky due to natural factors; But, the theory would also demand equal access to the preventive interventions so that those unlucky due to social factors have as equal an opportunity to prevent disease as those with the private means to do so. 134 While both theories support a moral duty to address insurance reimbursement of preventive interventions following a genetic test, this claim raises several critiques and questions common to theories of distributive justice. First, there are limited health care resources in our society and expansion of coverage may lead to a reduction of benefits elsewhere in the system. 135 As our society begins to understand more about the association between genetic variants and disease, and preventive measures, the sheer volume of potential genetic services could overwhelm the health care and insurance system. 136 Second, requiring equality in society threatens to lead to a 'leveling down' approach-ie, one can make the less fortunate equal to the fortunate by either providing services to those worse off, or preventing the fortunate from accessing services. 137 Reducing the number of predictive genetic tests available across society overall would equalize concerns of access, but with perverse results. Prohibiting all individuals from undergoing predictive genetic or genomic testing is by no means a practical suggestion or sound policy.
Although these critiques and concerns are important discussions to have in the broader debate over how to incorporate genomic technologies into theories and practices of just health care, it is beyond the scope of this paper to tackle these larger questions. This paper addresses a relatively narrow piece of the distributive justice debate: What is the duty of policy-makers and advisory boards to consider the sequelae of interventions and medical procedures when these groups are considering access to genetic testing for a particular genetic variant? Although resource concerns may follow from mandating coverage for a broad range of services, I argue that the initial cost/benefit considerations regarding access to the genetic test must include attention to the follow-up interventions.
These considerations may end up saving resources in the future if the preventive services are more cost effective than the resultant disease. Mandating insurance reimbursement for interventions may also address the collective action problem where, due to the turnover in the insurance market, paying for even cost-effective measures may not be logical for one insurance company on its own. The following section discusses possible policy mechanisms available to increase the chances for equal opportunity in this area.
VI. POLICY MECHANISMS
As insurance companies consider reimbursement policies for predictive genetic tests and as advisory groups and state and federal governments weigh in on which genetic tests should be covered, these groups also must also consider coverage for the preventive services in order to minimize health disparities and ensure a just distribution of health care.
A. Policy options that fail to adequately address concerns of equitable access
(1) Leave it to the marketplace-There are scarce resources in the US healthcare system, and therefore rationing is an unavoidable necessity. Our healthcare system focuses on treatment, in part because those individuals have the greatest need as the threat to their health is imminent, not prospective. Expansion of insurance coverage for any number of procedures increases costs to an already strained system, thus threatening to further increase health insurance premiums for individuals. Mandating insurance coverage for prevention in order to minimize health disparities will be fruitless if it prices out of the market the very individuals the policy is aimed at protecting. Therefore, allowing decisions about coverage for preventive services to occur at the insurance company level may be an appropriate option under the argument that scarce resources should be rationed toward treatment, not prevention.
This argument is problematic because policymakers have already made the determination that BRCA testing should be covered by insurance. The changes of the ACA will expand the utilization and insurance coverage of certain genetic tests as the USPSTF continues to review genetic conditions. While there may be an argument that resources should focus on treatment, there is a moral argument that once a genetic test is reimbursed, the interventions must also be equitably reimbursed. Additionally, the ACA increased focus on preventive care to address concerns about healthcare costs and rationing since greater access to preventive services can help reduce health costs in the future. Although increased insurance costs may arise from coverage due to mandated reimbursement, overall the health insurance market may see cost savings as chronic diseases are prevented and the current collective action problem of paying for prevention is minimized.
Targeted reimbursement policies are also necessary in light of the ACMG incidental findings recommendations. The fifty-six genes on the ACMG list were chosen by the committee under the rationale that they were associated with conditions for which there are medically actionable preventive measures. Access to these measures is a necessary prerequisite to meet the estimated clinical utility of the genetic information returned by laboratories. Lack of reimbursement and other barriers to access thus pull the rug out from underneath the basis for returning incidental findings to patients undergoing next generation sequencing.
Past experience, especially in the context of BRCA testing, has showed that insurance companies will not consistently cover expenses for intervention services even when they are clinically utilized or recommended. This trend will likely recur for other genetic tests that are discovered if a systemic change does not occur. Leaving questions of insurance coverage for interventions to the marketplace are unlikely to ensure adequate and just coverage or slow expanding health disparities.
(2) Coverage through USPSTF-The ACA requires that health insurance companies reimburse individuals without cost sharing for any preventive procedure that the USPSTF has rated an A or a B. Therefore, if the USPSTF reviews all subsequent interventions when the panel evaluates a genetic test, recommended interventions could be covered. This occurred in a limited manner when the USPSTF reviewed BRCA testing because they included genetic counseling in the recommendation. However, other interventions, such as mammograms, MRIs, and prophylactic surgeries were not given recommendations.
It will be difficult for the USPSTF to comprehensively review all interventions given the structure of the panel and the confusion between what is considered prevention and treatment. The limited authority of the USPSTF prevents review of evidence for tertiary prevention. 138 For example, in the context of hemochromatosis, if the task force interprets iron tests or phlebotomy as treatment for clinical conditions, it would not be able to make a graded recommendation. However, if these interventions were considered secondary preventions that are meant for patients with biological alterations that have not led to symptoms, review is permissible. The determination of whether interventions are treatment or preventive could drastically vary from genetic condition to genetic condition, leading to disparate coverage across genetic conditions. The cost sharing mechanisms for prevention under the ACA also weigh against a policy solution through recommendations from the USPSTF. The ACA mandates free preventive services under the rationale that even small copays and coinsurance amounts can preclude individuals from receiving essential preventive screenings. 139 However, the types of preventive services recommended currently by the USPSTF are counseling for chronic diseases, screenings, and preventive medication. 140 All of these are a far cry from the indepth and expensive interventions following genetic testing such as prophylactic surgery. Mandating complete coverage for such expensive procedures would likely increase premium costs and likely be at odds with Congress' vision of free preventive services.
Additionally, preventive interventions without cost sharing create a perverse and inequitable system. For example, individuals who are diagnosed with colon cancer may need to undergo a colectomy as part of treatment. A prophylactic colectomy can also be recommended for some genetic conditions, such as familial adenomatous polyposis (FAP). If the USPSTF reviewed FAP and recommended a colectomy for those with a positive genetic test, it would create an inequitable system in which those with a cancer diagnosis would be faced with high out of pocket costs for the same procedure that asymptomatic individuals with FAP would obtain for free. Insurance coverage for genetic conditions and their associated interventions is essential to avoid a genetic underclass; 141 however, providing no cost sharing for extensive procedures threatens to make an underclass of those whose disease has no genetic cause.
Cost sharing for such expensive interventions will be prohibitive for some individuals. An ideal solution would ensure that all individuals have equal access to services, but unfortunately the US healthcare system does not provide this equity. Until the USA provides affordable and accessible insurance for all, there will remain some segment of the population that cannot access preventive interventions. Health disparities cannot be completely eradicated and equal access to healthcare cannot be completely guaranteed, but this can be mitigated by a base level of insurance coverage for interventions. The USPSTF recommendation system is not the best vehicle to ensure reimbursement because these procedures walk the fine line between prevention and can be too expensive to advocate for the complete removal of cost sharing.
B. Policy options that address concerns of equitable access to preventive services
(1) Coverage mandate through federal legislation or regulation-Federal legislation mandating insurance coverage for adult onset genetic testing for asymptomatic individuals and applicable interventions would ensure reimbursement at appropriate cost sharing levels. Legislatures have utilized this tried and true approach in other preventive arenas, from mandated coverage for cancer screenings 142 to coverage for specialty medical foods and supplements recommended for individuals with inherited metabolic disorders tested for through state newborn screening programs, including phenylketonuria (PKU). 143 This approach would not prevent individuals from accessing, or clinicians and laboratories from offering, new genetic tests on the free market, but would ensure that once broad coverage for the predictive genetic test occurred, the interventions would be equitably reimbursed.
Federal action can come in the form of legislation or changes to the regulatory system. As mentioned, in the regulations for the ACA, HHS gave each state the authority to establish what the essential health benefits are for its area. These regulations could be amended to create a federal baseline of preventive services that must be covered, including genetic services and interventions, without delegating this determination to the states. federal legislation nor regulation addresses this issue, a state-by-state solution is a possible, albeit less desirable approach. A state-by-state solution creates an ad hoc and disparate system of coverage across the country, as illustrated by reimbursement for medical foods for individual with PKU. Additionally, self-funded health insurers are exempt from state law and therefore any mandated coverage would not be required for these companies. 144 If necessary, advocates should push for a state-by-state solution as an intermediate strategy that builds support and consensus until window for national legislation or regulation opens.
States can mandate coverage for genetic testing and recommended interventions either through broad legislation or as an essential health benefit under the mechanisms established by the ACA. All health insurance plans sold in a state exchange must mirror the chosen state benchmark plan, which must provide benefits for ten essential health benefits, including prevention and wellness. 145 The existing state benchmark plans vary in coverage policies for genetic tests. For example, Maine's plan only covers genetic testing and counseling on diagnosed patients if it will provide information for the treatment plan. Hawaii and Idaho specifically include genetic testing under diagnostic services and Iowa explicitly excludes genetic testing for informational purposes. 146 Coverage for genetic tests and interventions is not clearly defined in the chosen plans.
Currently, federal regulations allow states to define additional benefits that fall within the essential health benefit categories and to add additional categories of essential health benefits. 147 State legislation could add coverage for genetic testing and interventions to the preventive and wellness services benefit category. This strategy fails to ensure coverage for those individuals in large group health plans, as only individual and small group health plans are required to cover essential health benefits 148 ; however large group plans are the most likely to have broader coverage in general. If federal regulation were altered in this area, it would include these same limitations of coverage, but would be beneficial in the policy consistency it would provide across the country.
(3) Responsive policy-Regardless of whether states or the federal government passes legislation broadly or through essential health benefits, the policy must be nimble enough to keep pace with medical developments in this area. Various methods of policy development are available for the establishment and modification of the list of covered tests and interventions. In the early years of newborn screening, state models for developing the list of screened conditions, included traditional legislative action, regulatory authority, reliance on a panel or advisory body, or a combination of these strategies. 149 These options are similarly available in the context of medical interventions following a genetic test and offer varying degrees of flexibility and responsiveness to medical developments. State legislatures should avoid a delineated list of mandated procedures because, once passed, legislation remains fairly stagnate and difficult to alter or amend the list apace of genetic advancement, as is the case with Medicare's prevention exceptions. A desirable balance of clarity and responsiveness can be achieved through either a regulatory or panel-based system. additional recommendations for insurance coverage because it would already be examining the interventions in order to determine which findings are sufficiently actionable. Thus, they can easily take into account the necessary insurance reimbursement to determine the cost/ benefit analysis of which results to return. This weighing of costs and benefits can include not only the benefits and harms of coverage for the individual, but also consideration of the overall cost-effectiveness of the interventions. Further discussion is needed to determine the types of considerations that such an advisory panel should take into account. For example, what is an appropriate evidence threshold for both the test and the interventions to include them on the list and how likely of a benefit must there be for to meet criteria for inclusion? 4. Voluntary adoption by state benchmark plans-Although the marketplace is inadequate to ensure comprehensive coverage for genetic testing and interventions, 151 a market-based solution may be appropriate or necessary in states where the legislature will not mandate coverage. Advocacy groups could lobby the state benchmark plans to cover preventive genetic services and interventions. In the past, private insurance companies have failed to cover these services in part due to enrollee turnover. 152 However, once the state benchmark plan covers the services, all other plans in the exchange must cover substantially equal benefits, therefore the costs concerns will be minimized since those entering the plan are more likely to have undergone genetic testing and interventions paid for by a previous plan. 153 In this way, both the costs and the benefits will reach a multitude of plans, as opposed to the system prior to the ACA where the first adapter paid the steep costs of interventions such as surgery, but was not guaranteed to see the savings. Thus, adoption by the state benchmark plan efficiently addresses the collective action dilemma of the free market system. State or federal legislation can establish a system of continued review of medical advances through expert panels or advisory boards and is thus a desirable solution, but in the absence of legislature action, ad hoc coverage by state benchmark plans can help move society toward equitable coverage.
VII. CONCLUSION
Genomic technologies and the ability to test asymptomatic individuals for adult-onset conditions have created a liminal state, between cultural and bureaucratic concepts of health and illness. These individuals are not experiencing symptoms, but due to genetic or genomic testing, know that they are at increased risk of a genetic condition or disease. Testing thus creates a kind of iatrogenic condition: a no man's land at odds the US healthcare system that is rooted in treatment, not prevention.
Knowledge of genetic information allows the individual to take steps to mitigate risk through medical interventions such as surgery, screening, or medication, but these interventions have variable coverage in the health insurance marketplace. Barriers to access for these interventions threaten to exacerbate health disparities and undermine the basic policy rationale for advocating preventive testing in an asymptomatic population. Therefore, state or federal legislatures should establish advisory boards or regulatory authorities whose role is to create a dynamic list of interventions for asymptomatic individuals that must be covered by insurance companies when medically appropriate for the individual. Additional tests would still be available on the free market, but this panel could ensure that once a policy was in place or in consideration to mandate access to predictive genetic testing or information, the necessary interventions would also be equitably accessible. Without mandated coverage of interventions, the promise of genomic testing as a tool for prevention is blunted and a disparate healthcare system is further entrenched in our society.
